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INTRODUCTION

In considerations of the possible effects of long-term space
flight on human physiology, the metabolic response of the musculo-~
skeletal system appears as a major probable stress response. Many
studies have been carried out in the past of the effects of simula-
ted weightlessness in individuals at ground-level conditions. Ob-
viously, such studies can only give indications of possible phe-
nomena that might be observed under conditions of true weightless-~
ness such as would be experienced'in space flight.

Weightlessness has been approximated experimentally using con-
ditions of complete hospital bedrest or of prolonged continuous water
immersion. Although these situations are only approximations of the
zero gravity state, considerable information has been gathered of the
circulatory, cardiac, muscular and skeletal responses to relative
lack of gravity stress.

The early study of Cuthbertson (l) of eight normal subjects and
patients confined to bedrest for varying periods of time up to two

weeks demonstrated that urinary calcium excretion increased and nega-
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tive calcium balance resulted within this period of time. In 1945,
Keys at Minnesota (2) reported carefully controlled bedrest studies
in several subjects, but unfortunately no measurements of calcium
balance or of calcium metabolism were carried out. The highly con-
trolled studies by Deitrick, Whedon, and Shorr (3) of immobilization
of four healthy young men demonstrated quite clearly that the con-
ditions of immobilization by controlied bedrest, with the added
restraint of body casts, led to poticeable increases in urinary cal-
cium, significantly negative calcium balances, as well as parallel
changes in nitrogen and phosphorus metabolism. Considerable individ-
uval variation was noted amongst the four subjects, but this did not
detract from significant observations because of the careful control
of other factors that might influence calcium excretion, such as
dietary composition and total body activity. Identical diets were
used during a pre-bedrest control phase as were used during the bed-
rest phases and during the post immobilization control phases.

With the advent of space flight, additional studies have been
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reported concerned with the effects of weightlessness on skeletal
metabolism. Graveline, et al. (&) reported, in their study of the
effect of one week of continous water immersion of one subject, that
no increase was seen in urinary calcium excretion. On the other hand,
Birkhead, et al. (5), studying four subjects during 42 days of bed-
rest and 18 days of controlled activity preceding and following the
bedrest phase, demonstrated that even when minimal activity such as
that connected with eating, bathing, and excretory functions were
pernitted, sustained increases in urinary calcium excretion devel-
oped and persisted throughout the phases of immobilization. Contract
studies supported by N.A,S.A. carried out at the Texas Institute of
Rehabilitation and Research (6) have shown similar phenomena, al-’
though of lesser magnitude and, in addition, demonstrated changes in
bone'density of the os calcis during bedrest.

Carefully controlled studies of calcium metabolism under varying
conditions of physiology and pathology have demonstrated previously

that significant changes in calcium excretion generally occur over
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long periods of time, and are not significant unless careful col-

lections are carried out under controlled conditions for periods

for at least two weeks (7,8). Therefore, mineral balance studies

were not attempted in the current Gemini program until the first

long duration flight was scheduled, that of the Gemini VIT mission.

This flight, which was to last for fourteen days, allowed the design:

of appropriate protocols permitting, in addition to inflight ob-

servations, carefully controlled pre-flight and post-flight studies

as well. An examination of musculoskeletal metabolism obviously

involves more than simply measurement of dietary intakes, utiliza-

tion and excretions of calcium and nitrogen. Muscle metabolism in-

volves both nitrogen and phosphorus mechaniswms. Bone physiology is

dependent upon utilization, not only of calecium, but also of nitrogen

and phosphorus, as well as of magnesium, sodium, and sulfur. Further-

more, the relative absorptions and excretions of these elements are under

the influence of various endocrine systems as well as of dietary com-

ponents such as fats, vitamins, sodium, and potassium. Thus, a
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carefully designed study of musculoskeletal metabolism requires the
measurements of balances of calcium, nitrogen, phosphate, magnesium,
sodium, potassium, sulphate among the obvious factors. In addition,
there should be estimates of endocrine activity such as adreno-
cortical activity. Measurements of the excretion of adrenocortical
hormones and of sodium and potassium were previously incorporated as
part of the scope of the M-T experiment to be carried out in conjunc-
tion with the Gemini space flights. Close cooperation and collabora-
tion, therefore, beﬁween the present experimenters and those associated
with the hormonal body fluid studies was planned as part of the

protocol for this study.
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GENERAL PLAN

The experiment was designed to comprise four phases:

1. A dry run pre-flight phase involving volunteer sﬁbjects to
test the various procedures to be utilized. Since this was designed
primarily to test the laboratory techniques, the volunteers were to
be selected from civilian personnel associated with the project and
the phase was to be of relatively short duration.

2. Pre-flight control phase. This period of the study would in-
volve the two astronauts of the prime crew and the two astronauts of
backup crew of the Gemini VII mission. - This would last ten days,
from T-12 to T-2, and would consist of ccmpletely controlled intake
and collections as described below.

3. The inflight phase was to involve the two flying astronauts.
This was to last throughout the entire inflight phase of 1h days.

i, Post-flight phase to %ast i days beginning immediately upon
recovery of the flight craft and to involve the two astronauts who had
participated in the mission.
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Various experimental factors were to be controlled throughout
the entire study. Optimal experimental conditions require the ac-
curate control and measurement of diet, urine, feces,Asweat, and
activity, as well as of fluid intake. Each of these factors will
be discussed in more detail.

1. Diet. The diet of all three phases, for optimal interpre-~
tation of metabolic data, should be as similar as possible. Since
each man would serve as his own control for comparison of pre-, in-,
and post-flight phases, inter-individual variation would be permis-
sible but, attempts should be made to keep the dietary intake as
comparsble as possible among the three phases. To provide this degree
of control, therefore, the pre-~flight phase was to be carried out at
the Manned Space Operations Building at Cape Kennedy. A diet, con-
stant in composition, would be planned by a specially trained metabolic
dietician and prepared under her supervision at the crew quarters, to
be fed to the crew under supervised meal situations. No additional
snacks would be permitted and every attempt would be made to ensure

%
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complete ingestion of the prepared menus. The inflight dietery in-
take would be easier to control since all of the food for the
Gemini VII flight would be prepared beforehand according to pre-
viously arrived at protococls, and all food would be pre-packaged in
the form of the usual Gemini flight food packs to be eaten in a pre-
scribed sequence. Post-flight dietary control would be achieved by
pre-packaging of the identical diet utilized during the pre-flight
phase for use on board the recovery vessel for the first two days
of the post-flight periocd and subsequent feeding at Cape Kennedy under
the identical conditions used during the pre-flight phase.

2. Urine collections. Complete collections of urine are essen-
tial for calculations of metabolic balances. During the pre-flight
and post-flight phases, collection facilities were to be established
in the crew quarters and at various sites at Cape Kennedy where the
crew would be undergoing training and preparation. Individual refriger-
ators and commodes were to be placed in the toilets in the crew quarters

at the Flight Simulator Facility and at the blockhouse near the
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Gemini VII craft. Individual plastic containers with labels and marking
devices were located adjacent to the collection sites and a team of
aides were to make regular rounds of the sites to recover the containers
and return them to the preparative laboratory to be established in the
Medical Operations area.

Inflight urine cbllection was to be accomplished utilizing the
previously designed urine transport system, Ehgineering constraints
did not permit all urine voided to be collected. The system was to
provide a means for measurement of total volume of each voiding by
means of a tracer dilution technique and for preservation of aliquots
of each sample. Provision was also made for labeling of each sample
with the astronauts initials and mission time of voiding.

3. Stool collections. Pre-flight and post-flight stool collections
were to be carried out using the toilet and refrigeration fgcilities
provided at Cape Kennedy. Inflight stool collectionégwere to be made
with the Gemini defecation devices previously designed.

L. Sweat collections. It would not be feasible to carry out
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the complete sweat collections for the entire duration of all three
phases. Therefore, during the pre-flight and postfflight phases,
2h-hour sweat collections were to be scheduled. During these periods
the subjects, after complete washing down of the entire skin surface,
would don previously extracted flight underwear suits and would wear
these for a contiﬁuous 2Lh-hour period. At the end of this, another
washing down would be carried out. The wash water and the suits were
to Be combined and the total fluid eventually concentrated into a
form suitable for analysis. For the inflight phase, a total 1h-day
collection would be carried out with extraciton of the inflight
underwvear removed immediately after recovery.

4., Activity. Because of the constraints of pre-flight training,
it was not considered feasible nor desirable to control physical activ-
ity. Therefore, during the pre-flight and post-flight phases ad 1lib
activity was to be expected, and this was to be considered to be an
additional variable in the study. Inflight activity was to consist of
that necessary for maneuvers, plus a fixed program of exercise which was
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to be arrived at by the astronauts and the staff of the Center Medical
Operations.

6. Fluid intake. Fluid intake was to be ad libitum, but the
quantities ingested were to be recorded. The majority of the fluids
during the pre-~ and post-flight phase was to be obtained with the diet;
calibrated cups were provi@ed to each of the subjects for measurement
of additional fluid intake in the course of the dey. Inflight fluid
intake was to be estimated from the water dispensing device on board
the craft.

T. Specimen preservation and analyses. All pre-flight and post-
flight specimens of urine, feces, sweat, and diet'were to be assembled
at a provisional laboratory established invthe Medical Operations area.
Pertinent measurements of volumes were to be carried out, aliquots of
the urine samples were to be preservéd by the addition of appropriate
chemicals, frozen and shipped to the laboratories at Cornell University
in Ithaca, New York for analyses. Aliquots of the same urine specimens
vere to be preserved with alternate chemicals, frozen and shiéped to the
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laboratories associated with M-5 study. Stool specimens were to be
frozen and shipped similarly to the Ithaca laboratories. Inflight
specimens were to be recovered from the craft as soon asApossible
and shipped for analysis to ghe appropriate laboratory. The
specific chemical determinations to be carried from each sample are

listed in Table I and are discussed below,
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RESULTS

The results of this study of the effects of space flight on
musculoskeletal metabolism as measured in the course of the lli-day
Gemini VII flight of December, 1965, are far from ungualifiedly suc-
cessful. The data were cbtained from studies involving only two
subjects, and therefpre suggest only extremely preliminary, tenta-
tive conclusions. There were many problems, both forseeable and un-
forseeable, associated with the conduct of this experiment leading to
variations in the observations for each subject. In addition, as
predictable, the two subjects responded quite differently from each
other. Despite these inadequacies, however, we believe that the exper-
iment was of value in that it represents the first effort to obtain
information on possible metabolic changes in man during space flight.
In addition, the experience obtained can lead to the better planning
of subsequent studies to obtain more conclusive data.

A, Variations from initial protocol. Despite the preparation
of an extremely rigid protocol for the M-7 experiment, it was apparent

(13)



to the investigators that adherence to this protocol would not be
completely possible in view of the factors which controlled the
experimental environment under which this was carried out. The
governing principle for all work in the space effort must, at present,
be the practible engineering feasibility of putting man into orbit

and then getting as soon as possible to the moon. In the course of the
Gemini flight series, scientific information of all kinds has been
gathered, particularly in the areas of astronomy, radiation, and
geography. The primary goal of alliof these studies has been the
acquisition of knowledge of practical significance to the conquest of
space. Flights essentially for obtaining knowledge for its own sake
are now in the planning stage. To date, consideration of the effect
of space flight on the functional integrity of man from the medical and
physiological points of view, has claimed limited attention except

for evaluation of cardiovascular and otolith functions. Medical studies
at present must be justified only in terms of what must be learned for

astronauts' safety in flights of up to two weeks duration and for
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prediction of ﬁossible adverse influences on health and safety for
flights of longer periods. Gemini VII was the eighth orbital flight,
but only the first in which a specific effort was made to obtain physio-
logic data by complete collection of excreta in connection with planned
controlled studies. Even in this flight, medically oriented studies
were only a small part of an extensive list of operational and experi-
mental activities required of the astronauts before, during, and after
flight. For these reasons, it was imposéible to carry out what would
be considered an iaeal experimental protocol, particularly from the
point of view of mineral metabolism. Engineering, training, and flight
restrictions forced many compromises in the acquisition of physiologic
data.

1. Dietary control. It soon became apparent that a 10-day pre-
flight control phase was not sufficient from £he point of view of
establishing constant dietary intake. It is well-recognized in ground
based metabolic studies carried out under conditions of a hospital meta-
bolic unit that variable periods of time of up to one week may be
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necessary to establish constancy of dietary intake acceptable to the
subject as well as to the experimental ﬁrotocol. Since only ten days
were available for the entire pre-flight phase, such contfol was not
completely possible. As can be seen from Table IT, considerable day

to day variation occurred particularly in the first week of the study.

It was necessary to add or remove items of food from the daily menus

to insure palatability and acceptability of the menu. In addition,

the mean intake of various nutrients was considerably in excess of

that desirable from the point of view of & control study comparsble

to the projected inflight phase. Calcium intake was relatively the

same as that projected for the inflight study, but dietary intakes of
nitrogen, phosphorus, sulfate, sodium, and potassium were considerably
in excess. The post-flight phase dietary control is quite comparable with
the pre-flight phase since similar foods were used. As is apparent, the
inflight intakes of all constituents except calcium were much lower than
during the control phases. 1In addition, for reasons that rémain obscure,

it was impossible for the subjects to consume the inflight diet
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in the programmed sequence. As a result, there was considerable day to
day variation in the intakes of all nutrients. The diets had been plan~
ned for constant daily composition, but since the three meals were eaten
out of sequence in each 24-hour period, this constancy was not achieved.
2. Urine collections. No difficulties were encountered in
obtaining reproducible accurate collections during the pre-flight and
post-flight phases. The relative constancy of the 2h-hour excretions
of urinary creatinine during these aspects of the study are witness to
this conclusion (Table III). Inflight, however, various problems arose.
Due to mechanical difficulties the inflight urine transport system did
not function wholly effectively, and either variable quantities of urine
were lost before the addition of the tritium tracer for estimation
of total volume of voiding or inadequate mixing with tracer occurred.
In addition, some of the storage bags for transport of the urine samples
to the ground burst in the course of the flight or upon recovery,
leading to further loss of urinary samples. Urinary creatinine excre-
tions calculated on the basis of recovered saﬁples were extremely
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variasble and low (Table IV). Such extreme differences as were noted
between the pre-flight and the inflight da£e could not be accéunted
for on the basis of changes in renal function, and therefore must be
attributed to either losses of urine prior to the addition of tritium
or to undiscovered errors in the tritium dilution technique for cal-
culation of volume. Therefore, with due acknowledgment of the
probable error, it was decided to correct all inflight urinary excretion
values on the basis of presumed "true" urinary creatinine excretion
(Table IV). This latter value was calculated as the mean of urinary
creatinine excretion of the 10 pre-flight control days plus the 4 post-
fiight control days for each of the two astronauts studied in flight.
3. TFecal specimens. No difficulties were encountered in the
collection of fecal samples either pre—flight? inflight, or post-
flight. As part of the preservative techﬁique for the inflight phase,
e lipid soluble dye preservative mixture was added immediately after
passage of the stool. This dye led to false values for the estima-

tions of inflight excretion of stool total lipids.
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i, Sweat collections. No apparent difficulties were noted in the
collectign and estimation of sweat losses during any of the phases
studied.

B. Measurements made. The analytical measurements made on the
materials collected in the course of the M-T experiment are summarized
in Table I. The analytical techgiques utilized for these measurements
form Appendix A.

C. Analytical results.

1. Observations of urinary volume, pH and specific gravity are
listed in Tables V - XIII.

2. Urinary excretion of various metabolites are listed in Table XIV
for the dry run, Tables XV - XVIII for the pre-flight phase, Tables
XIX and XX for the inflight phase, and Tables XXI and XXII for the post-
flight studies.

3. Analyses of the fecal samples for the dry run are shown on
Table XXIIT, for the pre-flight phase in Tables XXIV and XXV, for the
inflight phase Table XXVI, and for the pgst-flight phase Table XXVII,

Since the stool collections for astronaut Lovell during the inflight
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phase indicated incomplete passage of the ingesta for the purpose of
calculations, the fecal excretions for this subject for the inflight and
fér the post-flight phase were combined and averaged.

k. Analyses of the individual foodstuffs utilized in the pre-
flight and post-flight diets are summarized in Table XXVIII. Calcula-
tions based on these analyses were made from the actual weighed
menus, which are shown in Tables XXIX - XLII, and the final figures for
dietary intakes during the pre- and post-flight phases are listed
in Table II. Analyses for inflight food packs are listed in Teble XLIII.
Table XLIV shows analyses of individual food items which were not eaten
in conjunction with the total meal pack. Meal sequence actually followed
was obtained from the inflight lbg, Table XLV, and 2Lk-hour food consumption
is summarized in Table II.

5. Sweat studies. Sweat studies were carried out as listed in
Table XLVI. The results of analyses on these collections are also shown.

6. On the basis of the analyses described above, metabolic balances
for various elements were calculated. These are shown in crude form in
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Tables XLII - LIXII, summarized with the standard deviations and statis-

tical comparisons in Tables LIV - LVII and demonstrated graphically in

Figures 1 - T.

T. 8ince there was considerable variation in the conditions of

the study, and therefore much gquestion of the validity of changes

observable among the different phases, it was desirable to perform

multiple correlation calculations for the various parameters analyzed.

These are summarized in Tables LVIII - LX.
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DISCUSSION
The principal goal of fhese studies has been to measure changes, if
any, that may have been produced by the period of near—zefo gravity in
space in total body metabolism related to the musculoskeletal system.
Changes in excretion of other body constituents are of interest insofar
as they may demonstrate effects on the primary targets systems.

Calcium Metabolism: Since 99% of the body calcium is in the skele-

ton, changes in the economy of this element reflect skeletal changes.
Immobilization by disease, or as an experimental situation, resulfs in
increased bone resorption (9) leading to hypercaleciuria and eventual
skeletal osteoporosis. In Figure 8A, grinary excretion of calcium is
plotted against time for astronaut F. B. No significant change was seen
in the first seven days of space flight, but a marked increase occurred
starting at about the eighth day, and persisted durine the four days of
observation after flight. Since dietary intake of calcium was somewhat
lover during flight than during the pre- and post-control phéses, and
since fecal excretion of calcium remain relatively unchaneced, the net
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balance of calcium during flight (Figure 1A) was significantly more nega-
tive for'this phase,

The data for astronaut J. L. are less striking. Urinary excretion
of calcium (Figure 8B) during control phases was much less than that seen
with F. B.; the excretion in flight was not significantly greater than
pre-flight; however, the excretion during the second week was greater than
that during the first week of flight, and remained so during the four days
after recovery. Since, in this individual, too, dietary intake of cal-~
cium inflight was less than during the control phases, and sipce, further-
more, fecal excretion increased during flight, there was significéntly
less positive balance of calcium during the weiéhtless phase (Figure 1B).

Of interest is that dermal losses of calcium, listed as "sweat", were
low for both men in all phases and slightly higher during the relatively
inactive post-flight recovery days.

The variability between the two men should be emphasized; this is pér-
ticularly notable in comparing them with each other and with the other two
astronauts, E. W. and M. C., (Figures 1C and 1D) during the pré—flight con-

trol phases.
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Magnesium Metabolism: Avproximately 5 to 40% of skeletal magnesiun

is available for turnover reactions, i.e., between 2 and 15 gms. (10).
Urinary magnesium excretion is also a function of dietary intake, as well
as of aldosterone production (11).

Urinary excretion of magnesium in astronaut F. B, is plotted in
Figure 9A. No change occurred during the first week of space flight, but
significantly increased amounts of magnesium were excreted in the second
week, a pattern similar to that seen for calcium excretion. Starting‘in-
flight and persisting through the four days of recovery phase, urinary
magnesium excretion fell dramatically. When the balance data are examined
(Figure 24), the increased urinary excretion of magnesium during the in-
flight phase becomes of greater significance because this was seen in the
presence of reduced dietary intakes. The positive balance during the post-
flight period results from decreased urinary and fecal excretion both, while
dietary intake was increased, suggesting repletion of previous losses.

The data for astronaut J. L. (Figures 2B and 9B) are qualitatively similar,
but of lesser degree. The most significant change in magnesiunm mgtabolism
demonstrated was that of post-flight retention,
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The data of dermal excretion demonstirated the relative insienificance

of this route of loss in magnesium metabolism.

Of interest are the similarities in patterns of excretion of magnesium

during the pre-flight control phase in all four subjects (Figures 2A, 2B,

2¢, and 2D).

Phosphate Metabolism: Phosphate is present in the body as the princi-

pal anion in bone salt, as well as in protein and in soluble forms. Urinary
excretion of phosphate is a function of dietary intake, bone salt turnover
(45% of urinsry calcium values), and of muscle metabolism (6.8% of urinary
nitrogen excretion values) (12). 1In addition, carbohydrate metabolism may
influence shifts of phosphate among body compartments.

The data obtained for astronaut ¥. B, (Figures 3A and 10A) deﬁonstrate
an increase in urinary phosphate over the first nine days of spvace flight,
occurring during the time when dietary phosphate was half that of the control
values. ‘Thereafter, despite relatively constant dietary intake, urinary
excretion dropped to control values. Despite decreased fecai excretion, the
balances became more negative during the flight, returning to'the control
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levels after returning to ground level.

Similar results were obtained for astronsut J. L. (Figures 3B and 10B).

Sulfate Metabolism: Urinary sulfate is derived primarily from protein

catabolism {approximately 7% of urinary nitrogen) (12). Fecal sulfate is
usually constant over a wide range of intake wvalues.

The sulfate excretion data for astronaut F. B, (Figures 4A and 11A)
show a slight fall in the urinary excretion during the space flight, and
with a rise to slightly above control values during the post-flight period.
Since the curtailment of dietary intake inflight was marked, these changes
in excretion resulted in negative balance during flight, and returned to
control balance levels post-flight.

Similar data were obtained for astronaut J. L. (Figures LB and 11B).

Nitrogen Metabolism: Fecal nitrogen is relatively constant over wide

ranzge of dietary intakes in any individual. Urinary nitrogen reflects
dietary intake and protein metabolism,
In both astronauts F. B, and J. L. (Figures 124 and 12R) urinary nitro-

gen Tell durine flight and returned to pre-~flight values during the post-
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flight phase.

Dietary nitrogen was significantly less during the flight with the
result that nitrogen balance became negative during this phase (Figures S5A
and 5B).

Sodium Metabolism: Urinary sodium is a function of dietary intake,

of aldosterone activity, and of glucocorticoid secretion. Restriction of
intake produces secondary hyperaldosteronisn with reduction of urinary
sodium excretion. Fecal losses of sodium usually are small and relatively
constant.

The two astronauts studied showed different_patterns. In ¥, B.
(Figures 6A and 13A), despite the decrease in dietary sodium, there was an
increased natriuresis during the first week of flight, return to control
values during the second week, and significant retention in the early post-
flight period.

Conversely, J. L. (Figures 6B and 13B) demonstrated no changes in
sodium excretion during the first part of the space flight, a slight in-
crease thereafter, and then marked retention post-flight.

Correlation of these observations with measurements of urinary
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1l-hydroxycorticosteroids and aldosterone may shed some light on the

mechanism. These observations must be taken into account in explanation

of changes in urinary calcium since a correlationship between urinary calcium

and uvrinary nitrogen has been demonstrated.

Potassium Metabollism: Urinary excretion of potassium reflects pro-

tein metabolism, aldosterone secretion, and glucocorticoid action., The

variability in response seen with ¥. B, and J. L. may be due to variations

in endocrine responses.

F. B. (Figures TA and 14A) showed an initial decrease in urinary

potassium as a result of space flight in the presence of a marked decrease

in dietary potassium. During the second week urinary potassium rose (which

correlated with the simultaneous decrease in urirnary sodium). Immediately

post-flight potassium excretion fell to pre-flight values as the dietary

intake was increased.’

J. L., (Figures 7B and 14B) showed only a slight fall in urinary potas—

sium in the first week of flight despite the marked restriction in intake.

During the second week the excretion fell further and then rose to pre-

flight values during the recovery phase.
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Chloride Metabolism: Chloride metabolism is controlled primarily by

renal exc?etion, following, passively, the excretion of cations. Since
sodium forms the largest proportion of renal cation, control of chloride
depends chiefly on the control of sodium,

J. L. (Figure 15B) showed a pattern of chloride excretion parallel to
that of sodium excretion.

F. B., on the other hand, (Figure 15A), excreted chloride in parallel
with potassium. The reason for this discrepancy is not apparent.

Balances of chloride were not calcuvlated because of technical diffi-
culties in measurement of dietary chloride,

Sweat Losses: ©Sweat was a significant route of loss only for sodium,

potassium, and chloride in these studies, OSweat losses of calcium, mag-

nesium, sulfate, phosvhate, and nitrogen were low and insignificant in the

calculations of balances.
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SUMMARY AND CONCLUSIONS

1. An attempt was made to perform complete metabolic balance studies
of two astronauts during ten days pre-flight control phase, fourteen days of
space flight, and four days of post-flight recovery phase, measuring intake
and excretion of caleium, magnesium, phosphate, sulppate, nitrogen, sodium,
potassium, and chloride.

2. Problems of engineering and experimental design prevented optimal
performance during the inflight phase, resulting in variations in dieﬁary
control and losses of urine samples.

3. Considerable inter-individual variability was demonstrated, as
would be expected, in %ll experimental parameters measured.

4. In one subject, significant increases in urinary calcium occur-
red during the second week of flight and persisted during the recovery
~ phase,

5. Significant losses of phosphate were found inflight for both sub-
Jects with rapid recovery post-flight.

6. Little change in nitrogen metabolism was noted in either subject.
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T. Patterns of excretion of sodium, potassium and chloride were
different fdr each subject and were suggestive of changes in adrenal cor-
ticosteroid production.

8. Sweat losses of calcium, magnesium, sulfate, nitrogen, phospvhate
were insignificant during all three phases.

9. In order to arrive at generalizations concerning the effects of
space flight on bone and muscle metabolism, more studies will have to be
carried out in more subjects to account for individual variability, and

under better control of dietary intake and collection of excreta,
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APPENDIX
A, Analytical Procedures.
"1l. Routine Urine Analysis.,

8. . Volume., Pre-flight urine volumes were measured using a grad-
uate cylinder calibrated to 5 ml. and estimating volumes to the nearest
2 ml,

b. Specific gravity of the pre~ and post-flight samples was
measured by a standard hydrometer calibrated for urine speecifie gravity
at room temperature,

c. pH. DpH of pre- and post-flight urine samples was measured
using standard pHydrion paper estimating values to the nearest 0.5 pH
units,

d. Urine volume of the inflight samples was measured by the
technique of tritium dilution. A precalibrated volume of tritium was in-
Jected via the urine transport system into the path of voiding and washed
into the collection bag by the stream of urine, The urine and tritiated
water tracer were mixed manually in the collection bag, and an aliquot
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express§d into the sampling bag. For analysis, duplicate samples of 0.5 ml.
of the urine Wére taken, using a calibrated pipet and added to 10 ml. of
Biay's solution in a liquid scintillation counting vial, The samples were
then counted in a Packard Instrument Company Liguid Scintillation Spectro-
metér Model No, 3002 with a counting energy window of 50-1000 and a gain

of 62.4, Subsequently, 10 microliters of the original tritiated water so-
lution were added with a calibrated pipet to each of the samples and they
were again counted. The actual couﬁts obtained for each of the samples*re—
covered are listed in Table IXI, Volumes of tritium injected by the urine
transport system were obtained from the Arde Incorporated Company who pre-
pared the initial selector valve used, The values were 0,3102 ml, for the
device used by Borman and 0,2929 ml, for the device used by Lovell., For the
determination of the volume of urine measured by this device, the following
formula was used: Vu =K x Cu+s - Cu’ vhere Vﬁ = unknown volume to be

C -8B
u

measured; Cu + 5 counts per minute of the urine aliquot + the added standard;

Cu = counts per minute of the urine aliquot slone; B = background count. K
was 15.9589 for Borman and 15.0689 for Lovell, The values obtained by this
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calculation are listed in Table LXII, and are compgred with volumes mea-

sured by an on-board flow meter. The correlation coefficient for the two
methods of urine volume measurement was 0,35. The difference between the
two methods was significant to 0.1.

e. Specific Gravity of Inflight Samples. Because the recovered
volumes of many of the samples were extremely low, hydrometry could not bé
used for measurement of specific gravity. This was estimated using a re-
fractometer (American Optical Company, Goldberg TS-Meter).

f. pH of Inflight Samples. This was.not determined because the
sample bags used for the inflight urine samples had been pretreated with
benzoic acid as a preservative. This would be expected to affect the pH.

g. Preparation of Stool Samples for Analysis. Stool samples
were combined into pools representing collection perist separated by the
oral administration of nonabsorbable dyes, alternating the administration
of Carmine Red and Brilliant Blue., The combined fecal samples for each pe-
riod were homogenized with a carefully weighed amount of doubly distilled
water with a Lourdes Homogenizer Model VM, The suspended material was then

lyophilized in a VirTis freeze-drying apparatus Model No. 10-145 to a dry
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powder. The total weight of this powder was then recorded, Aliguots were
either analyzed directly, or ashed by an appropriate procedure as required
for the individual analytical techniques.

h, Preparatipn of Diet Samples for Analyses, Solid foods were
homogenized with volumes of water and lyophilized in the manner described
for stool samples. Liquid foods were lyophilized directly or analyzed di-
rectly as appropriate to the analytical procedure.

i, Preparation of Sweat Samples for Analyses. The so-called
sweat samples actually consist of extracts of underwear and skin washings
and thus represent total dermal losses. The volume received was approxi-
mately 5 liters for each study. This was evaporated to 1 liter in a Lind-
berg Heavy Duty Convection Oven at a temperature of 60° C. The evaporated
material was made to a final volume of 1 liter prior to actual analysis,

J. Determination of Calcium. Calcium was measured in all of the
samples by the unpublished procedure of Lutwak and Belkin, an automatic
atomic absorption spectrophometric technique., Samples of stool and diet
were submitted to dry heat ashing at 400° C. for 6 hours. The resulting
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wvhite ash was dissolved in 10% HC1 and.diluted to an appropriate volume.
Aliquots of the diluted ash, or of filtered acidified urine were placed
into an AutoAnalyzer Sampler module. Aliquots of the samples were ad-
mixed with 1% lanthanum chloride solution in an AutoAnalyzer pumping mod-
ule and pumped directly into a Perkin Elmer Model 303 atomic absorption
spectrophotometer with acetylene gas pressure at 8 psi and air pressure
at 30 psi. Readings were carried out using a calcium lamp at 42LOA,

k. Determination of Magnesium. Magnesium was measured by the
unpublished procedure of Lutwek and Belkin using an automatic atomic ab-
sorption spectrophotometric technique, Samples were prepared for analysis
as described for calcium and were analyzed in a fashion similar to the
method used for calcium, but with‘a magnesium lamp and the spectrophotometer
set at 2085A.

1, Determination of Sodium. Solutions of dry ash samples of
stool and diet and diluted samples of urine were analyzed for sodium by ap-
propriate dilution with 1% Flaminox Solution and estimation in a Coleman
Model 21 flame photometer,
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m. Determination of Potassium. Potassium was determined in so-
lutions of ashed diet and feces and in diluted urine samples by dilution
with 1% Flaminox Solution and estimation in a Coleman Model 21 Flame Pho-
tometer,

n. Phosphate Analysis., Total inorganic phosphate was determined
in solutions of dry ashed feces and diet, and directly in urine by the
AutoAnalyzer modification of the Fiske-Subba Row Procedure. Appropriate
aliquots of the solutions were diluted with 0.5 N hydrochloric acid and di-
alyzed against a solution of aminonaphthol sulfonic acid. Thke dialysate
was mixed with a solution of ammonium molybdate in sulfuric acid and the re-
sulting color measured at 660 mu.

0. Determination of Sulfate, Total sulfur was determined by the
procedure of Roe, Miller, and Lutwak (13) which is based on the precipitation
of sulfate with & standard amount of barium and determination of exces; bar-
ium by atomic absorption spectrophotometry. Solid samples were oxidized in
a Schoniger Flask and liquid samples by Benedict's Method utilizing copper
nitrate, and potassium chlorate., The oxidized samples containiﬁg the sulfur
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in thé form of sulfate were treated with 15% barium chloride and 5% lanthanum
chloride solutions. After centrifugation, supernatants were discarded and

the precipitates of barium sulfate washed, the final precipitates were dis-
solved in di-sodium EDTA solution and aspirate& into the flame of the atomic
absorption spectrophotometer. The total barium concentration was measured with
a barium hollow cathode tube operated at 18 ma with the wave lamp set at éSOOA.
Air pressure was maintained at 30.0 psi at a flow rate of 7.5 liters per min-
ute .

p. Determination of Chloride. Chloride was estimated in solutions
of ash stool and diet dissolved in dilute nitric acid and in urine samples by
means of a Buchler~Cotlove Chloridometer,

9. Determination of Total Nitrogen. Total nitrogen was determined
on appropriate solutions by means of the AufoAnalyzer total nitrogen procedure.
Urine samples were analyzed directly. Samples of foods and of feces were pre-
pared-for analysis by preliminary solubilization. Accurately weighed aliquots
of the dried powders were mixed with concentrated sulfuric acid and digested

for 2 hours to provide a clear solution., The solution was then diluted to a
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final concentration of between 2 and 20 milligrams percent of total nitrogen.
The solutions were aspirated into the apparatus, mixed with a digestanf con-
sisting of selenium oxide in concentrated sulfuric acid, heated in the flow
digestor, diluted with water, and the concentration of ammonium sulfate deter-
mined by reaction with sodium phenate and sodium hypochlorite., The resulting
color was measured at 630 mu,

r., Determination of Creatinine, Creatinine was measured in all of
the urine samples by the AutoAnalyzer modification of the Jaffe reaction.
The urine sample was mixed with sodium chloride solution and dialyzed‘agginst
saline. A dialysate was then mixed with pjcric acid and sodium hydroxide

and the final color product measured 505 mu.
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ANALYSES

Volume

Specific Gravity

pH
Creatinine
Calcium
Magnesium
Sodium
Potassium
Phosphate
Sulfate
Chloride
Nitrogen

Fat

TABLE I

ANALYSES PERFORMED

MATERIAL¥

U

U,F,D,S
U,F,D,S
U,F,D,S
U,F,D,S
U,F,D

U,F,D

U,F,D,S
U,F,D,S

F,D

METHOD

a) Routine, pre- and post-flight
b) T,0 dilution, inflight

a) Routine, pre- and post-flight
b) Refractometry, inflight

Routine, pre- and post-flight
Autoanalyzer colorimetry
Autoanalyzer Atomic Absorption
Autoanalyzer Atomic Absorption
Flame Photometry

Flame Photometry

Autoanalyzer colorimetry
Atomic Absorption

Coulometry

Autoanalyzer

Wistreich Extraction

¥U= Urine; F= Feces;

D= Diet; S= Sweat
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Day

T-12
T-11
T-10
T-9
7-8
-7

T-6

2L4-HOUR URINARY CREATININE EXCRETIONS

F.B.
(Gm.)

2.2782
2.2h90
2.1899
2.4357
2.2773
2.2995
2.k166
2.3623
2.2525

2.0890

2.2850

.0980

TABLE III

PRE-FLIGHT PHASE

Jl

L.

(6m.)

1

l.

2.

2

7693

8499
0545

.2hé5
.1299
.1831
4570
.2022
.1980
.hok6

.1495
.20L7

E.W.
(Cm.)

2.6570
2.6332
2.57T12
2.8481
3.007L
2.7599
3.057Th
2.9920
2.9212

2.9567

2.8410

.16k2

M.C.
(Cm.)

2.2216
2.19%0
2.3300
2.k253
2.7678
2.3635
2.6948
2.1h4k1
2.2209

2.3617

2.372k

- 0.1985



TABLE IV

INFLIGHT 2L-HOUR URINARY CREATININE EXCRETIONS

F,B.* J.n.”t

Day (Gm.) (Gm.)

1 1.6760 1.1980
2 1.h721 1.h7hY
3 1.3216 ——

L 1.5834 1.6672
5 1.k232 2,107k
6 1.4949 1.7365
7 2.11k6 1.7632
8 1.4196 2.0850
9 1.k415 1.8489
10 1.7532 2.0317
11 1.9849 1.5812
12 2.0556 1.62k2
13 1.6650 1.2397
1k 1.2022 1.89hk
Mean 1.6148 1.7545
s.d. 0.2677 0.2479

¥ _ Mean of pre- and post-flight: 2.3968

+ - Mean of pre- and post-flight: 2.1963
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TABLE V - PRE-FLIGHT URINE SAMPLES

DRY RUN

Date Time Volume

11-16-65 1315 330 ml.

11-16 1600 210
11-16 2030 270
11-17 0700 L20
11-17 1425 370
11-17 1845 220
11-17 21ko 272
11-18 06k0 598
11-18 1207 325
11-18 1622 237
11-18 2230 310
11-19 0758 470
11-16 1310 390
11-16 1530  1k5
11-16 1915 295
11-17 0430 8ko
11-17 0630 277
11-17 1105 330
11-17 1520 255
11-17 1920 254
11-17 2300 215
11-18 0610 690
11-18 1120 297
11-18 1820 385
11-18 2230 280
11-19 0809 755

Sp.Grav.,

1.0235
1.022
1.028
1.026

1.026
1.027
1.0225
l1.012

1.0125
1.023
1.028

-1.020

1.01L
1.0185
1.0165
1.016
1.508

1.01h
1.0185
1.019
1.0175

1.011

1.016
1.020
1.020
1.01k

pH
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[@ RV VIRV |

2Lh-Hr.Vol.

1230 ml.

1460

13h2

1947

17hh

1717
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TABLE VI - PRE-FLIGHT URINE SAMPLES

O\ W N

F.B. (a)

Date Time Volume Sp. Grav. pH 2L-Hr. Vol.
11-22-65 0920 99 ml. 1.022 6.5
11-22 1230 750 1.005 7.0
11-22 1600 785 1.006 6.0
11-22 2030 k480 1.011 5.5
11-22 2320 k462 1.508 5.5
11-23 0700 515 1.012 6.0

3091 ml.
11-23 1125 575 1.0085 6.5
11-23 1koo 812 1.005 6.5
11-23 1645 668 1.006 6.5
11-23 2200 572 1.012 6.0
11-2k okso 665 1.010 6.5
11-24 o6h0 122 1.017 6.5

341k
11-24 09ks 225 1.013 6.8
11-24 1315 356 1.011 6.8
11-24 1615 880 1.0055 7.0
11-24 1730 325 1.009 7.0
11-24 2315 805 1.010 6.8
11-25 0330 235 1.020 6.0
11-25 0650 187 1.019 6.0

3013
11-25 0930 260 1.011 5.5
11-25 11ks5 279 1.0105 6.8
11-25 1500 478 1.009 6.0
11-25 1600 612 1.0025 6.5
11-25 1715 kso 1.003 6.8
11-25 2110 515 1.010 5.5
11-25 2300 k20 1.006 6.0
11-26 0610 k80 1.01k 5.5

, 3L9ok

11-26 o9ko  3k2 1.010 6.5
11-26 1200 Loo 1.008 7.0
11-26 100  hLos 1.006 6.3
11-26 1500 655 1.003 6.8
11-26 1615 340 1.006 6.8
11-26 2000 300 1.015 6.3
11-26 2300 510 1.009 6.5
11-27 0630 L85 1.01ks 6.0

3437



TABLE VI - PRE-FLIGHT URINE SAMPLES

F.B. (v)

No. Date Time Volume Sp. Grav. pH 2L-Hr. Vol.
36 11-27-65 0900 360 1.010 6.0
37 11-27 1000 350 1.005 7.0
38 11-27 1220 630 1.006 7.0
39 11-27 1610 915 1.007 7.0
40 11-27 1800 303 1.010 6.8
43 11-27 2330 380 1.0185 6.3
%) 11-28 0600 325 1.021 6.3

3263
43 11-28 0945 167 1.0185
Ly 11-28 1030 370 1.003
ks 11-28 1200 373 1.005
L6 11-28 1610 590 1.011
L7 11-28 2020 k10 1.01k
48 11-28 2345 650 1.007
ko 11-29 0630 332 1.017

2892
50 11-29 1030 163 1.0105
51 11-29 1205 257 1.0085
52 11-29 13L0 232 1.009
53 11-29 16kLs 880 1.006
sk 11-29 2030 34k 1.014
55 11-29 2300 3Lo 1.0135
56 11-30 0630 Lho 1.016

2956
57 11-30 1045 565 1.010
58 11-30 1310 380 1.008
59 11-30 1710 672 1.009
60 11-30 2000 194 1.017
61 11-30 2100 273 1.006
62 11-30 2300 188 1.01k4
63 12-01 0300 455 1.011
6L 12-01 0645 184 1.021

2911
65 12-01 1200 655 1.011
66 12-01 1400 288 1.0095
67 12-01 1600 685 1.005
68 12-01 1900 2ko 1.015
69 12-01 2100 720 1.00L5
70 12-01 2230 257 1.007
71 12-02 0620 390 1.013

3235



TABLE VII -~ PRE-FLIGHT URINE SAMPLES

J.L. (2)

No. Date Time Volume Sp._Grav. pE _ _2hk-Hr. Vol.
1 11-22-65 1300 275 ml. 1.023 6.5
2 11-22 1700 210 1.022 6.0
3 11-22 23k45 355 1.023 6.5
b 11-23 0700 Lhs 1.0135 5.5

1285 ml.
5 11-23 1300 418 1.017 5.5
6 11-23 1730 535 1.012 5.5
7 11-23 22ks5 L29 1.016 6.5
8 11-2k4 0635 530 1.013 6.0

1912
9 11-24 7200 292 1.019 6.3
10 11-2k 1730 k17 1.019 6.5
11 11-2h 2315 279 1.022 6.5
12 11-25 0700 342 1,023 6.0

. 1330

13 11-25 0945 157 1.022 6.3
14 11-25 1330 318 1.011 6.0
15 11-25 1830 240 1.027 5.5
16 11-25 2330 195 1.025 6.0
17 11-26 0730 368 1.024 6.5

1278
18 11-26 1200 270 1.020 6.0
19 11-26 1koo 223 1.010 5.5
20 11-26 1630 Los 1.0075 6.5
21 11-26 2345 350 1.02k 6.3
22 11-27 0630 270 1,026 5.5

1608
23 11-27 1015 540 1.009 6.0
2k 11-27 1200 265 1.009 6.2
25 11-27 1520 480 1.0105 6.9
26 11-27 1800 188 1.019 7.0
27 11-27 2330 267 1.023 6.7
28 11-28 0630 333 1.023 5.5

2073



TABLE VII - PRE-FLIGHT URINE SAMPLES

J.L. (b)

No. Date Time Volume Sp. Grav. pH  2L4-Hr. Vol.
29 11-28-65 1000 120 ml. 1.026 5.5
30 11-28 1300 130 1.026 5.5
31 11-28 1600 248 1.024 6.7
32 11-28 2030 152 1.028 6.5
33 11-28 2345 160 1.029 6.5
34 11-29 0715 385 1.020 6.8

1195 ml.
35 11-29 1045 423 1.009 6.3
36 11-29 1340 258 1.0145 5.5
37 11-29 1700 568 1.008 6.5
38 11-29 2030 247 1.0175 6.0
39 11-29 2200 140 1.021 6.3
ko 11-30 0630 325 1.023 5.8

1961
k1 11-30 1115 345 1.018 6.4
k2 11-30 1645 540 1.013 6.4
43 11-30 2000 190 1.020 5.5
Ll 11-30 2230 187 1.0225 6.8
ks 12-01 0645 b5 1.0175 6.2

1737
L6 12-01 1205 355 1.020 6.0
b7 12-01 1600 265 1.021 6.6
48 12-01 2300 325 1.026 5.5
L9 12-02 0730 265 1.026 5.9

1210



TABLE VIII - PRE-FLIGHT URINE SAMPLES

E.W. (a)
Date Time Volume . Sp. Grav. pH 2h-Hr. Vol.
1 11-22-65 13L5 378 ml. 1.015 6.8
2 11-22 1735 310 1.021 6.6
3 11-22 2345 348 1.02L 6.0
b 11-23 0715 483 1.016 6.3
1519 ml.
5 11-23 1105 348 1.012 6.8
6 11-23 1705 486 1.018 6.5
7 11-23 2220 362 1.023 6.5
8 11-2k4 0700 830 1.011 6.3
2026
11-2% 1150 385 1.016 5.5
11-2h 1750 575 1.016 6.3
11-2L 2120 Lhs 1.012 6.8
11-24 2320 295 1.014 6.5
11-25 0635 838 1.010 6.2
2538
11-25 1150 275 1.020 6.3
11-25 1500 koo 1.010 5.5
11-25 1720 590 1.005 6.5
11-25 2325 kLo 1.021 6.3
11-26 0615 428 1.020 5.0
2133
11-26 0930 335 1.01k 6.0
11-26 1400 690 1.009 6.8
11-26 1730 162 1.022 6.3
11-26 2335 390 1.02L 6.5
11-27 0715 425 1.021 6.5
2002
11-27 1230 538 1.01L 6.3
11-27 1500 825 1.006 6.4
11-27 2215 hos 1.0175 6.3
11-28 0610 k1o 1.0235 6.5
2198
11-28 1300 325 1.0235 6.0
11-28 16ko 165 1.0275 6.0
11-28 2025 277 1.022 6.0
11-28 2330 538 1.011 6.8
11-29 0710 640 1.016 6.4

19k5



TABLE VIII - PRE-FLIGHT URINE SAMPLES

E.W. (v)
No. Date Time Volume Sp. Grav. pH 2L4-Hr. Vol.
33 11-29-65 1200 697 ml. 1.011 6.0
3k 11-29 1530 392 1.013 6.0
35 11-29 17L5 203 1.016 6.0
36 11-29 2325 585 1.017 6.3
37 11-30 0605 650 1.01k 6.0
2527
38 11-30 1230 292 -1.021 5.5
39 11-30 1630 205 1.025 6.0
Lo 11-30 2220 Los 1.025 6.0
L 12-01 0T7kO 555 1,018 5.5
1457
Lo 12-01 1700 Lss5 1.025 6.0
43 12-01 2300 520 1.021 5.5
okl 12-02 0615 655 1.0125 6.8

1630



TABLE IX - PRE~FLIGHT URINE SAMPLES

M.C. (a)

No. Date Time Volume Sp. Grav. pH 2L-Hr. Vol.
1 11-22-65 1330 255 ml. 1.025 6.0
2 11-22 1730 28L 1.023 6.0
3 11-22 2200 215 1.025 6.0
L 11-23 0700 350 1.030 6.5

1104 m1.
5 11-23 1130 210 1.02h 5.5
6 11-23 1710 27h 1.0265 6.5
T 11-23 2300 323 1.025 6.0
8 11-24 0700 338 1.025 6.0

11ks
9 11-24 0930 270 1.022 6.3
10 11-24 1730 360 1.0215 7.5
11 11-2k 2100 288 1.025 6.0
12 11-25 0T7L5 410 1.024 6.0

1328
13 11-25 1000 190 1.015 7.0
1k 11-25 1800 L60 1.016 6.0
15 11-25 2130 310 1.0245 6.5
16 11-26 0600 365 1.02k 5.5

- 1325

17 11-26 1100 478 1.01k 6.1
18 11-26 13k5 ko2 1.010 6.3
19 11-26 1800 285 1.019 6.6
20 11-26 2015 320 1.025 6.5
21 11-27 0600 347 1.026 6.8

1832
22 11-27 1200 710 1.011 6.0
23 11-27 1615 320 1.019 7.0
24 11-27 2215 430 1.022 6.0
25 11-28 0600 280 1.028 6.8

17k0
26 11-28 0915 180 1.022 5.0
27 11-28 1200 170 1.017 6.0
28 11-28 1640 252 1.026 6.0
29 11-28 2015 233 1.02k 6.0
30 11-28 2330 235 1.022 6.0
31 11-29 0710 370 1.025 6.0

1kko



TABLE IX - PRE-FLIGHT URINE SAMPLES

M.C. (v)
No. Date Time Volume Sp._Grav. pH  24-Hr. Vol.
32 11-29-65 1310 792 ml. 1.007 6.7
33 11-29 1800 265 1.025 6.4
34 11-29 2100 267 1.0245 6.2
35 11-30 0600 372 1.026 5.8
1696 ml.
36 11-30 101k 180 1.02k 6.2
37 . 11-30 162 h10 1.0245 6.2
39 11-30 2100 240 1.027 5.5
Lo 12-01 0700 ¢ 1.0265 6.0
' 1297
k1 12-01 1200 293 1.022 6.2
L2 12-01 1621 252 1.02hs5 6.4
L3 12-01 2100 360 1.026 5.0
Ll 12-02 0600 3ko 1.0285 5.5

1245
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TABLE XII - POST-FLIGHT URINE SAMPLES

F.B.
No. Date Time Vol. Sp.G. pH 2h-Hr. Vol.
(m1.) (m1.)

95 12-18-65 1210 505 1.009 6.8 To inflight XIV
96 12-18 1800 345 1.018 6.4
97 12-18 2130 368 1.0125 5.6
98 12-19 0600 6Ls 1.01k 6.0
99 12-19 0835 428 1.0225 5.8
100 12-19 1200 430 1.016 6.2

2216
101 12-19 1730 453 1.018 5.5
102 12-19 2100 230 1.019 5.5
103 12-19 2310 205 1.0225 6.0
10k 12-20 0600 303 1.022 6.2
105 12-20 0800 213 1.011 6.0
106 12-20 1000 342 1.009 6.6
107 12-20 1200 352 1.011 6.8

2098
108 12-20 1400 480 1.006 6.2
109 12-20 1510 347 1.006 6.0
110 12-20 1830 588 1.009 6.2
111 12-20 2100 530 1.0085 6.2
112 12-20 2230 435 1.00h 6.6
113 lo-21 0500 270 1.009 6.0
11k 12-21 0730 308 1.018 5.8
115 12-21 1120 605 1.008 6.8

' 3563

116 12-21 1400 690 1.0055 6.k
117 12-21 1500 Los 1.005 6.2
118 12-21 1710 625 1.00L 6.6
119 12-21 2000 230 1.012 6.2
120 12-21 2230 655 1.0045 5.8
121 12-22 0630 390 1.0175 6.0
122 12-22 1000 182 1.016 6.0
123 12-22 1200 540 1.007 6.8

3807



TABLE XIII - POST-FLIGHT URINE SAMPLES

J.L.
No. Date Time Vol. 8p.G. pH 24-Hr. Vol.
(m1.) (m1.)

97 12-18-65 1109 Lko 1.010 7.0 To Inflight XIV
98 12-18 1800 287 1.019 6.0

99 12-18 2030 185 1.026 5.8

100 12-19 1230 263 1.02h 5.8

735

101 12-19 1500 290 1.022 6.0

102 12-19 2230 325 1.0225 6.0

103 12-20 0600 485 1.015 6.4

10k 12-20 1215 305 1.021 5.8

1kos -

105 12-20 1830 370 1.023 6.0

106 12-20 2330 315 1.026 6.6

107 12-21 0730 188 1.016 5.8

108 12-21 0950 1k2 1.019 5.8

' 1315

109 12-21 1930 388 1,027 6.0

110 12-22 0630 853 1.0k 5.8

111 12-22 0750 210 1.013 6.2

112 12-22 1200 165 1.022 5.8

1616
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2L-HOUR URINARY EXCRETIONS¥

TABLE XIX

F.B. - INFLIGHT
Day Ca Mg Na K Poh S0y Cl N

(gm.) (gm.) (meq.) (meq.) (gm.)  (gm.) (meg.) _(gm.)
1 .215 .137 209.6 76.8 1.1kh .9ks5 15.7 16.26
2 .215 .130 161.6 52.6 1.1h4L 1.061 46.3 13.27

3 .21k 116 157.9 50.2 1.557 1.113 32.h 15.h5
y  ,195 068 208.6 55.2 1.696 1.070 18.8 16.51
5 .2k9  ,099 326.1 83.3 2.21L 1.607 70.5 22.kh2
6 .215 .139 183.4 1.k 1.910 1.361 52.6 17.22
7 .260 ,109 214.0 157.8 1.911 1.387 10.5 - 19.72
8 .26k ,185 162.2 138.7 1.787 1.511 17.0 19.85
9 .296 ,187 166.3 11k.6 2.965 1.h71 L2.8 19.62
10 .273 .160 191.1 15,4 1.357 —— 53.h 19.82
11 .2k2 155 153.7 83.5 1.604 1.395 115.5 18.79
12 .268 .116 220.1 15.2 1.62k 1.0k9 167.0 18.47
13 .252 .123 173.9 138.2 1.620 1.310 129.5 17.25
1 .178  .08T7 189.7 9k,1 1.8L46 1.019 128.4 15.97
Mean .238 .129 196.3 93.4 1.7h1 1.25h 65.7 17.90
s.d. .032 .033 b1 k1.6 Lubo .210 47.5 2.27

¥ Corrected for mean of pre- and post-flight creatinine excretions.

(2.397 gm./2k4-hr.)



TABLE XX
24L-HOUR URINARY EXCRETIONS¥
J.L. - INFLIGHT

Day Ca Mg Na K PO, 50y, c1 N
(gm.) (gm.) (meq.) (meq.) (gm.) (em.)  (meq.) (gm.)

1 P - — [ —— P ———— - o — e

2 .122 .100 178.2 56.6 1.216 1.017 183.9 14,26

3 —— ——— ——— —— — — —— ——

N .1k3 .092 158.2 57.6 1.872 .066 106.0 15.70

5 .1k9 .089 19Lh.5 55.9 1.71h 1.026 132.2 16.50

6 175 .092 189.4 gh.5 1.539 877 0 151.1 16.09
T .160 .099 180.8 57.7 1.581 .911 148,2 16.78

8 .185 .107 193.2 56.0 1.602 1.019 156.6 18.07

9 .160 .108 192.1 45.0 1.5k9 1.006 161.2 17.78
10 .158 17 17h.3 hi.s 1.391 1.253 1kh .3 17.58
11 .154 .093 238.2 50.0 1.688 1.137 175.4 19.7h
12 .192 .126 164.9 47.8 1.584 1.0LL 138.8 15,50
13 .180 .066 175.1 k9.2 1.609 1.075 1L9.6 1k.1k
1k .160 .078 1k2.7 38. 1.573 .890 109.8 12.75
Mean .162 .097 181.8 50.9 1.577 1.018 1k6. 4 16.24
s.d. .019 .016 22.6 6.3 .155 .102 22.1 1.86

¥ Corrected for mean of pre- and post-flight creatinine excretions.
(2.196 gm./24-hr.)



TABLE XXI
2L4-HOUR URINARY EXCRETIONS

¥.B. - POST-FLIGHT

POh SOh

Day Ca Mg Na K Cl - N-  Creatinine

(gm.) (em.) (meq.) (meq.) {gm.) (egm.) (meq.) (gm.) {gm.)

Post
1 .288 .099 109.6 8h.3 2.035 2.323 60.6 30.86 3.0L46
2 .284 .083 103.9 95.3 1.321 1.863 100.6 27.38 2.283
3 .28L4 .099 187.2 91.2 1.545 1.k61  181.5 21.79 2.637
N .288 .083 159.5 90.4 1.353 1.110 164.0 21.36 2.739
Mean .286 .093 1h0.1 90.3 1.563 1.680 126.7 25.34 2.676
s.d. .002 .011 34.8 3.9 .286 453 k8.6 3.97 .273



TABLE XXII
24-HOUR URINARY EXCRETIONS

J.L. - POST-FLIGHT

Day Ca Mg Ne. X Poh Soh c1 N Creatinine
(gm.) (gm.) (meq.) (meg.) {gm.) (em.) (meg.) (em.)  (gm.)
Post
1 .150 .083 k7.0 48.9 1.287 1.418 k7.9 15.07 2.196
2 .180 .095 65.9 5h.6 1.256 1.559 k5.1 22.55 2.382
3 172 .100 78.3 6h.2 1.366 1.686 57.9 21.76 2.195
I .187 .095 106.9 86.0 1.276 1.45k  111.2 20.30 2.479

Mean .1T72 .093 Th.5 63.L 1.296 1.529 65.5 19.92 2,313
s.d. .01k .006 21.8 1k.1 .0Lk2 .10k 26.8 2.91 122



TABLE XXIII - DRY RUN

FECAL SAMPLES

(1965)
Date Wet Dry
(1965) Marker Wt. Wt
Subject/No. Date Time Marker Admin. (gm.) (gm.)
ots 1 11-17 18Ls5 B 11-16 80.1 17.h
2 11-20 1355 R 11-19 178.6) 80.1
3 11-22 0900 R 156.6) )
Rice 1 11-17 0630 B 11-16 192.6)
2 11-18 0700 B 137.6) 92.9
3 11-19 0900 B 117.1)
I 11-19 2300 R 11-19 1L9.6) 5
5 11-20 0710 'R 162.1) 23.



TABLE XXIV - PRE-FLIGHT

FECAL SAMPLES (A)

Date
Marker Wet Dry
(1965) Admin. Wt. Wt.
Subject No. Date Time Marker (1965) (gm.) (gm.)
F. 1 11-23 1130 13 11-22 98.6)
2 11-24 0650 13 90.6)
3 11-25 0935 —— 63.4) 130.2
I 11-26 0715 — 90.1)
5 11-27 0700 _—— 116.6)
6 11-28 0645 R 11-27)
T 11-28 2400 R )
8 11-29 2150 — )  Lko3.5 126.9
.9 11-30 2130 —— )
10 12-01 1715 B(tr) 12-01)
J. 1 11-23 1300 — 41.6)
2 11-23 2100 B 11-22 116.6)
3 11-25 0945 B 121.4) 100.8
4 11-25 2130  B(tr. 81.8)
5 11-27 1230 _— 85.6)
6 11-28 1100 R 11-27)
7 11-29 2030 R{tr. )
8 11-30 1710 —_— ) 337.5 85.3
9 11~-30 2245 —— )
10 12-01 1615 — )
11 12-01 2100 B 12-01



TABLE XXV

PRE-FLIGHT FECAL SAMPLES (B)

Date
Marker Wet Dry
(1965) Admin. Wt. Wt.
Subject  No. Date Time Marker (1965) (em.) (gm.)
E. 1 11-23 0730 B 11-22 Lk €)
2 11-24 0830 B 134.6) :
3 11-25 1520 B{tr.) 67.1) 100.L
b 11-25 0800 B(tr.) 123.6)
5 11-26 1k10 — 88.1)
6 11-26 1735 _— 67.1)
7 11-27 1630 R 11-27)
8 11-28 0615 R )
9 11-29 0730 R(tr.) ) Lo6.s5 89.8
10 11-30 1235 ——— )
11 12-01 0750 —— )
12 12-01 2345 — )
13 12-02 0815 B 12-01
M. 1 11-23 2300 B 11-22 188.6)
2 11-2h 2100 B(tr.) 99.6)
3 11-25 2130 —— 104.1)  120.7
N 11-26 2015 —— 8h.1)
5 11-28 2330 R 11-27)
6 11-29 1801 —— ) 351.5 96.3
T 11-30 2100 —— )
8 12-01 2100 B 12-01



TABLE XXVI - INFLIGHT FECAL SAMPLES

Wet Wi, Dry Wt.
Name # SN # G.E.T. (gm.) (gm.) Marker
Borman 1 1519 50+13 " 178.5 T9.55 R
2 1523 96+59 113.0 45.91 —
3 1529 1Lo+25 170.0 68.01 —_—
L 1530 170+00 75.0 32.92 -
5 1543 193+17 109.0 37.85 —
6 1541 240+49 10k4.5 LL 87 ——
7 1535 287+25 113.5 5h.28 _—
8 1531 308+LlL 122.0 56.10 —
TOTAL 419.49
Lovell 1 1520 138426 46.0 15.69 R
2 1524 143448 70.3 39.92 R
3 1521 187+00 88.1 38.08 S
L 1546 232400 Lh.5 21.54 -—
5 1545 257+00 60.5 27.84 —_—
6 15L7 261+27 96.5 41,80 —_—
T 1527 285+46 155.0 59.92 —_—
TOTAL 24k .79



TABLE XXVII

POST-FLIGHT FECAL SAMPLES

Date
of Wet Dry
Date Marker wt. Wt.

Subject  No. (1965) Time Marker (1965) (gm.) (gm.)
Borman 100 12-19 0835 — 12-18 73.6 21.ko

101 12-19 2200 B 241.6)

102 12-20 1L00 ——— 21L4.6) 94,60

103 12-22 0800 —_— 12-22 91.6)
Lovell 100 12-18 2030 — 12-18 130.6 57.91

101 12-20 0600 B 79.6)

102 12-20 0800 B 29L.6)  135.53

103 12-22 1045 —_— 12-22 187.6)



TABLE XXVIII

FOOD ANALYSES (per 100 gm. Fresh Weight)

PRE- AND POST-FLIGHT MEALS

Food Ca Mg ‘Na K FO), S0y, N

(gm.) (gm.)  (meq.) (meq.) (gm.) (gm.) (gm.)
Ground Beef .0086 .0223 2.3%4 9.10 .2230 .1932 3.06L
Steak .0072 .0230 2.hs5 9.10 L2211 L2075 2.742
Lamb .0180 .0281 3.03 7.56 .2kos 2452 3.590
Chicken .0270 .0260 1.61 8.21 .123k .2200 2.859
Egg .0556 .0100 L.39 3.31 .2268 .1890 3.728
Milk .1583 .0159 2.17 3.6L .1509 L2hoT 0.632
Ice Cream .107h .0148  65.88 3.11 .0986 L0347 0.966
Lime Sherbert .0250 .0050 2.30 0.56 .0385 .0970 0.029
Orange Sherbert.0385 .0050 2.30 0.56 .0L0o0o .0ks0 0.019
Cheese .T200 L0220 21.30 2.05 .5820 .1900 0.420
Bread .0925 .0150 L. 48 3.10 L1217 .1082 1.618
Pan Rolls J11T7h .020% 4,86 2.46 .1480 .127h 1.658
Hamburger Rolls.1021 .0153 2.18 2.k6 .0878 .1281 1,545
Rice (cooked) .0156 .0697 0.39 2.36 .1555 .0889 1.072
Potato .0113 L0167 0.80 10.hk .0738 .025Lh 0.366
Broceolli L0294 .018L 0.0k 9.79 .1163 L0964 0.416
Carrots .0285 . 0099 1.89 3.08 L0241 ".0109 0.120
Green Beans L0279 .0210 0.21 2.k .0283 .01k2 0.271
Lima Beans .0236 .0361 0.03 5.69 .0810 .0L62 1.162
Onion .0229 .0102 0.53 4,03 .0371 .037k 0.172
Peas L0167 .0199 0.05 2.46 .06L8 L0247 0.68L
Apple Sauce .0050 .0020 1.90 2.00 .0050 .0020 0.000
Apricots .0110 .0050 1.20 . 6.00 .0115 .00ko 0.000
Peaches .0020 .0030 1.05 11.03 L0140 .0030 0.000
Pears .00L0 .0025 0.80 2.18 .0060 .0020 0.000
Pineapple .0120 .0090 1.25 2.46 .0065 .0050 0.000
Butter .0150 .0023  36.87 5.95 L1750 .0010 0.095
Sanka (inst.) .0700 .1390 0.87 22.19 .2200 .1650- 0,798
Tea (inst.) .0700 .2300 1k,00 116.15 4600 .3450 1.970
Orange Juice  .0265 .0230 1.85 5.36 .0520 .0160 0.000
Lemon Juice .0100 .0080 1.30 3.62 .0120 .0035 0.061
Honey .0073 .0020 . 1.50 1.38 .0050 .0000 0.0h48
Blackberry L0075  .0okk 9,65  2.87  .0065  .0140  0.016
Rugsian: ne L0098  .0100 100.00 5k4.65 .1800  .0120  0.256
French Dressing.0109 .0008 L47.50 26.00 L1625 .0170 0.096
Teglian; o .0005  .00k0 55.00 6.70  .0190  .0010  0.032
Mayonnaise .0063 .0180 L42.50 9.99 .1875 .0120 0.176

From Tables (U.S.D.A. Handbook #8)
Lettuce 020 —_—— 0.39 4,38 .022 —— 0.1k
Tomatoes .013 — 0.13 6.10 .027 —— 0.176
Mushrooms .006 —_— 0.65 10.35 .116 _— 0.432
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ANALYSES OF INFLIGET FOOD PACKS

TABLE XLITT

Ca Mg Na K Poh c1 N Soh
gm. gm. meq. gm. gm. meq. gm. gn.
Not received

.5257 L0653 79.4 17.4 .5733 0.7 5.7TT .2960
.1788 .0518 58.1 13.1 .3396. 0.5 L, 691 .2970
703 .0862 40.3 20.6 .5226 0.4 7.169 .3381
.2635 .0637 53.1 17.0 L6607 0.3 5.822 .3393
.3168 .0690 37.2 15.6 .3363 . 0.3 L.773 .2906
L1367 L0779 50.7 15.6 .3539 0.0 5.28k .2759
.352h .0648 51.0 12.9 .3620 0.2 3.345 .2500
.3136 .0303 50.0 5.5 .5151 0.2 2.L96 .1kks
.3672 .0551 80.8 13.L LTTh 1.3 3.846 2671
.081k .0855 66.1 18.4 .L188L 0.8 5.348 .Lo88
.6016 .0821 22.9 15.1 .3996 0.2 6.467 377
.2362 .0338 3h.7 b L L4875 0.k 4,206 2341
. 720k .0832 78.3 15.L4 .5Th2 0.1 5.605 L2551
L1430 L0679 58.1 13.1 .3396 0.2 5.3k42 L2576
L4891 .0965 15.9 6.0 Lh719 0.5 7.390 .3316
3475 .078¢9 36.1 11.6 L6TLT 0.5  7.16h4 .3131
.2656 .0835 39.9 16.8 .3605 0.0 6.301 .2713
.2056 .0393 16.1 b7 Lheh8 0.3 6.694 .2803
.5330 .0792 1h, 3.6 AT 0.1 L.555 .3082
.3816 .0Loo 51.8 3.7 .5253 0.3 3.363 L1bhT
.3698 .06k1 88.2 1.1 L4703 0.2 5.608 .3k10
.0553 .0790 62.2 16.h .3950 0.k 6.211 Lb517
.Shat .05kL9 18.4 12.1 .2680 0.2 4.636 .2878
.26k2 .026h 45,3 k.9 .6040 0.5 3.112 .1957
.6909 .0ThL9 80.2 18.6 .6169 1.0 5.8L46 .2929
L1548 .05kL7 57.6 12.8 .3420 0.3 L. 8Lt .2920
o786 0777 20.5 6.1 L4118 0.0 6.366 LLosh
.31h7 .0729 2.4 17.0 8711 0.0 5.672 .L088
.320kh L0702 ik 15.5 .3240 0.5 L.s77 .3216
.2326 .0843 23.8 5.3 L2300 0.8 5.5hh .3kh8
.b973 .0890 61.6 18.9 k106 0.0 6.1b1 .3103
.38kL2 .oL1k Ly, 7 8.7 L4306 0.5 .23k .1538
.3456 .0600 61. 15.1 .3638 0.0 5.728 .2910
.0551 . 0866 79.9 1k.5 L3675 0.7 6.330 .3779
6278 LOTTh 73.1 1h.h .34ko 0.0 6.611 .3h16
.285Lh .0h32 56.2 9.0 .6055 0.0 4.920 .210L
.6h19 .0792 53.5 18.3 L57h6 0.4 5.977 .2565
L1430 .06LL 53.6 14.0 .2860 1.5 5.082 .2725
523 .0886 hh .3 16.6 LLh30 0.9 7.86k .3595
.2859 .0TL3 63.9 15.4 .5963 1.1 .3667

Not received
Not received

6.559



TABLE XLIV

ANALYSES OF SOME INFLIGHT FOOD ITEMS

Jtem

Brownies

Date Fruit Cake
Pineapple‘Fruit Cake
Ginger Bread

Sausage

Beef Sandwich

Egg Bites

Peanut Cubes

Apricot Cubes

Apricot Cereal Cubes

(per serving)
Ca
(gm.)
..0185
.0260
.0410
.0285
.0082
.0126
.1166
.2015
.1780
.0078

S0,
(gm.)
.0k430
.0659
.0876
.0549
.139k
.1025
.1630
L0979
.0609
.0365



TABLE XLV

ACTUAL INFLIGHT MEAL SEQUENCE

Meal

G.E.T. Flight Pack
Hours Day No.
o7 I 2-A
17 3-A
22 2-B
31 II 1-B
Lo 2-C
kg 3-C
52 11T 15-B
66 5-A
T2 T-C
78 v 6-C
88 h-a
95 LB
102 v 1h-C
112 15-A
117 5-B
12L VI h-C
137 8-A
1k2 6-B
149 VII 5-C
160 6-A
166 T-B
170 VIII 1-C
186 T-A
191 11-B
196 IX 13-C
206 1h-A
213 11-A
220 X 10-C
230 10-A
239 14-B
2hs XI 9-C
255 12-A
259 12-B
267 XII 9-C
281 13-A
286 13-B
291 XITT 12-C
307 10-B
312 11-C
32L XIV 9-A

-3

(From Log)

Remarks

Not available for analysis (n.a.f.a.); use 3-B

N.a.f.a.; use 10-C

N.a.f.a.; use 11-A

Only in pilot log

Cf. 245 nhrs. ? Use 8-C



TABLE XLVI - SWEAT STUDIES

per 24 hours

Subject Phase Date Ca Mg Na xS0y c1 N
1965 gm, gm. meq. meq. gm. meq. gm.

Ott Dry Run 11-17 .066 .021 11.6 6.3 .011 1Lh.6 .22
Rice Dry Run 11-17 .050 .01k 18,7 10.2 .011 16.7 .1k
F.B. Pre-flight 11-23 .023 .006 27.8 9.5 .,002 19.6 .20
Pre-flight 11-26 .029 ,007 21.6 11.3 .005 17.1 .18

Inflight 12-4 to 12-18 .01k 006 2.3 1.1 .003 1.k .03
Post-flight 12-20 .0k3. L0213 7.9 9.4 .003 12.7 .23
Post-flight 12-21 L0422 ,017 16.1 12.5 .005 17.Lh .28

J.L. Pre-flight 11-23 .01k ,005 25,1 12.9 .005 1bk.h .31
Pre-flight 11-26 .031 .007 25.2 15.9 .005 17.7 .ho

Inflight 12-4 to 12-18 016 .007T 2.9 1.6 .002 2.2 .0k
Post-flight 12-20 .0k ,015 6.4 9.3 .,007 13.3 .24
Post-flight 12-21 .048 .018 13.2 13.Lh .012 17.2 .3h

E.W. Pre-flight 11-23 .023 .009 37.6 13.0 .00k 31.9 .3k
Pre-flight 11-26 .027 .008 h2.,5 12.7 .005 3k.7 .3k

M.C. Pre-flight 11-23 .032 .009 L1.0 11.k .003 33.0 .2k
Pre-flight 11-26 .03k ,008 21.3 9.6 .007 18.7 .28

Dry Run Mean (n=2) .058 .018 15.2 8.3 .011 15.7 .18
s.d. .008 .00k 3,6 2.0 .000 1.1 .0k

Pre-flight Mean (N=8) .027 .007 30.3 12.0 .005 23.4 .29
s.d. .006 .001 8.2 1,9 .001 7.8 .oOT

Inflight Mean (N=2) .015 .00T 2.6 1.4 ,003 1.8 .ok
s.d. .001 .001 0.3 0.3 .001 O0.% .01

Post-flight Mean (N=h) .0k 016 10.9 11.2 .007 15.2 .27
s.d. .003 .002 3.9 1.8 .003 2.2 .ok
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TABLE XLIX
.METABOLIC BALANCES
F.B.

POST-FLIGHT

1 2 3 b
Calcium - Diet 1.237 1.391 1.17h 1.412
(gm.) Urine .288 .284 .28% .288
Sweat .0h3 .03 .0h3 .03
Feces .769 .769 .769 769
Balance +,137 +.295 +.078 +,312
Magnesium ~ Diet .356 .526 Lot 410
(gm.) Urine .099 .083 .099 .083
Sweat .015 .015 .015 .015
Feces .18 .148 148 .148
Balance +,09k +.280 +.165 +.164
Sodium - Diet 2hh.9 294 .8 169.1 25,7
(meq.) Urine 109.6 103.9 187.2 159.5
Sweat 12.0 12.0 12.0 12.0
Feces 6.5 " 6.5 6.5 6.5
Balance +116.8 +172.4 -36.6 +67.7
Potassium -~ Diet 128.8 169.3 126.5 106.1
(meq.) Urine 84.3 95.3 91.2 90.k
Sweat 11.0 11.0 11.0 11.0
Feces 9.6 9.6 9.6 9.6
Balance +23.9 +53.4 +1h.7 -9
Phosphate - Diet 2.549 3.2L6 2.630 2.469
Urine 2.035 1.321 1.545 1.353
Feces .503 .503 .503 .503
Balance +.011 +1.ko2 +.582 +.613
Sulfate - Diet 2.535 3.036 2.605 2.391
(gm.) Urine 2.323 1.863 1.461 1.110
Sweat .00k .00b .00k .00k
Feces 12k 124 .12k .12k
Balance +,084 +1.045 +1.016 +1.153
Chloride - Diet
(meq.) Urine 60.6 100.6 181.5 16L.0
Sweat 15.1 15.1 15.1 15.1
Feces 0.3 0.3 0.3 0.3
Balance
Nitrogen - Diet 22,04 28.92 21.87 22.24
Urine 30.86 27.38 21.79 21.36
Sweat 0.26 0.26 0.26 0.26
Feces 1.21 1.21 1.21 1.21

Balance -10.29 +0.07 -1.39 -0.59
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Calcium ~ Diet

(gm.)

Urine
Sweat
Feces -
Balance

Magnesium - Diet

(gm.)

Urine
Sweat
Feces
Balance

Sodium ~ Diet

(meq.)

Urine
Sweat
Feces
Balance

Potassium -~ Diet

(meq.)

Urine
Sweat
Feces
Balance

Phosphate - Diet

(gm.)

Urine
Feces
Balance

Sulfate ~ Diet

(gm.)

Urine
Sweat
Feces
Balance

Chloride - Diet

(meq.)

Nitromen -

(gm.)

Urine
Sweat
Feces
Balance

Diet
Urine
Swest
Feces
Balance

TABLE LIT

J.L.

METABOLIC BALANCES

POST-FLIGHET

1 2 3 N
1.25k 1.348 1.125 1.413
.150 .180 72 187
.0k5 .0Ls5 .05 .05
766 .T66 LT66 .766
+.293 +.357 +.142 +.115
.338 431 .393 1T
,083 .095 ,100 .095
L017 L017 017 LO17
.109 .109 109 .109
+.129 +,210 +,167 +,196
18L,1 217.2 130.5 265.9
L7.0 65.9 78.3 106.9
9.8 9.8 9.8 9.8
10.3 10.3 10.3 10.3
+117.0 +131.2 +32,.1 +138.9
124,8 145.3 128,2 115.8
48,9 54,6 €h,2 8€.0
11.k 11.k 11,k 11.h
T.2 T.2 T.2 7.2
+57.3 +72.1 +45. 4 +11.2
2,458 2.899 2.697 2.507
1.287 1.256 1.366 1.276
.289 .289 .289 .289
+,882 +1.35k +1,0L2 +,0L2
2,436 2.782 2.688 2.h10
1.h18 1.559 1,686 1.hsk
.010 .010 .010 .010
.096 .096 .096 .096
+,912 +1.117 +.896 +.850
L7.9 Ls5,1 57.9 111,.2
15.3 15.3 15.3 15.3
0.2 0.2 0.2 0.2
19.8k 25,43 2,09 22,46
15.07 22.55 21.76 20.30
0.29 0.29 0.29 0.29
0.97 0.97 0.97 0.97
+3,51 +1,62 +1.,07 +0.90
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Calecium -~ Diet

(gm.)

Urine
Sweat
Feces
Balance

Magnesium - Diet

(gm.)

Urine
Sweat
Feces
Balance

Sodium - Diet

(meq.)

Urine
Sweat
Feces
Balance

Potassium - Diet

(meq.)

Urine
Sweat
Feces
BRalance

Phosphate -~ Diet

(egm.)

Urine
Feces
Balance

Sulfate ~ Diet

(em.)

Urine
Sweat
Feces
Balance

Chloride -~ Diet

(meq.)

Urine
Sweat
Feces
Balance

Nitrogen - Diet

(gm.)

Urine
Sweat
Feces
Balance

TABLE LVI

E.W,

SUMMARY OF BALANCES

PRE-FLIGHT

Mean

1.277
.164
. 025
L6h1

+.h23

ot
.150
.009
.1ko
+.101

26.00
18.56
0.34
1.35
+5.7T0

s.d.

.067
.018
.053

.031
.023

28.6
23.8
16.5
27.6

.327
165

17
.3ko
.221

.h53

33.8



Calciuwm - Diet

(gm.)

Urine
Sweat
Feces
Balance

Magnesium - Diet

(gm.)

Urine
Sweat
Feces
Balance

Sodium ~ Diet

(meq.)

Urine
Sweat
Feces

‘Balance

Potassium - Diet

(meq.)

Urine
Sweat
Peces
Balance

Phosphate - Diet

(gm.)

Urine
Feces
Balance

Sulfate ~ Diet

(gm.)

Urine
Sweat
Feces
Balance

Chloride - Diet

(meq.)

Urine
Sweat
Feces
Balance

Nitrogen - Diet

(em.)

Urine
Sweat
Feces
Balance

TABLE LVII

SUMMARY OF BALANCES

M.C.

PRE-FLIGHT

Mean

1.318
. 205
.033
.692

+.388

ks
.129
.009
.187
+.120

225.0
1k6.h
31.2
1.7
+45,7

1k0.3
9L.3
10.5
6.9
+28.6

2.872
1.508

.Loé
+.959

2.749
1.906
.005
.136
+.702

139.0
25.9
0.}

27.13
22.28
0.26
1.k9o
+3.11

.03%
.030
.1h5

.G39
015

58.8
16.7
15.8
19.2

.283
.1ks

-358
.309
.296

.500

25.2



Ca
Ca
Ca

¢

Mg -
Mg
Mg

PO
ol
POh

S0
!
SOM

N -
N -
N -
Na -

Na -
Na -

K
K
K

*
1

TABLE LVIIT

. % .
Significance of Correlationships to Dietary Intake

Diet
Urine
Balance

Diet
Urine
Balance

Diet
Urine
- Balance

~ Diet
- Urine
- Balance

Diet
Urine
Balance

Diet
Urine
Balance

Diet
Urine
Balance

Ca, Mg POy 50, N Na X
———— .01 .001 .001 .001 .001 .001
.9 .9 .9 .9 .9 : T .9
.01 .01 01 .01 01 .02 01
.01 ——— . 001 .001 .001 .001 .001
9 .9 .9 .9 .6 .6 .9
001 001 .001 .001 .0l 01 .001
.001 . 001 —— .001 .001 .001 ,001
.05 .1 Al .05 2 3 .05
.001 .001 001 .001 .001 .001 .00
.001 001 001 e . 001 . 001 .001
2 2 .1 .2 o1 .05 .9
.001 .01 .01 .Ql .02 .05 .01
.001 .001 .001 001 e .001 001
.02 .05 .05 .05 o1 .05 .05
.2 1 W1 o1 .05 .2 1
001 001 .001 ,001 001 —— .001
.2 .3 .2 .3 b .6 .2
.01 .01 .01 01 .05 .05 .01
.001 001 001 001 .001 .001 ———
oh q3 03 oh 02 02 03
.001 01 .001 .01 01 .02 .001

Values expressed as "P{" for the correlation coefficient.

Data used for calculations were the mean values for each subject for each

phase



Ca

PO)4

SOh

Na

TABLE LIX A

Significance* of Correlationships of Urinary Excretions
Ca, Mg Poh Soh N Na K
——— .8 «3 .6 .1 .9 .1
.8 — .6 .2 5 .2 .2
.3 .6 - 9 e> .2 .8
.6 .2 .9 e .3 o7 .3
.1 5 5 .3 ) .2 .2
.9 o2 .2 T .2 — T
.l .2 .8 3 .2 o7 —

* _ Values expressed as "P<" for the correlation coefficient.

Data used for calculations were the mean values for each subject for

each phase

(v=8).



Ca
Mg
POh
SOh
N
Na

K

TABLE LIX B
*

Significance of Correlationships of Balances

Ca Mg POy, 50), N Na K
— .02 .01 .01 - .01 .1 .01
.02 — .001 .01 .3 .001 .001
.01 .001 —— .001 1 .01 001
.01 .01 .001 ——— 2 .05 .01
.01 .3 ] .2 e A .
W .001 .01 .05 b — .01
.01 .001 .001 .01 .1 .01 _—

¥ _ Values expressed as "P{" for the correlstion coefficient.

Data used for calculations were the mean values Tor each subject for

each phase

(n=8).
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Tritium Measurements, Raw Data

Subject §S/NT7- Cots
B 1 52504 ,6
B 2 46986,5
B b 45219,0
B 5 50753.7
? 6 46805,9
? T Lhshs 7
B 8 51038.4
B 9 4119k, b
B 10 56373.7
B 11 52995.2
B 12 52873.9
B 13 48285,0
B 1k 51535.4
B 15 43002,8
B 16 49737.9
B 17 50792.1
L 18 41515.0
L 21 Loo12.3
L 22 L0669.3
B ok %5768.5
L 25 Lhi1o9k.2
L 26 %3175.7
? 27 46258,3
B 29 58607.1
L 31 43841,2
B 32 53038.8
B 33 51850.5
? 34 46317.9
L 35 51840.8
L 36 50966.6
L 37 48668.9
L 39 50172.5
L 5} 487Lk,9
L Lo 503L0,6
L 45 53227.6
L L7 49318,1
B 48 56769.5
1 Lo L530L,3
B 51 589L7.7
B 52 62646,9
L 53 41965,k
L 5k hoiok,1
B 55 58695.9
L 56 45525,5
B 60 LT7126.9
B 61 46287.5

TABLE LXI

C
u

——

3446,9
1975.0
2276.8
2572,.3
3723.3
3067.9
2h76.9
2747.5
2460,.8
2256,7
2605.8
19Lk2,9
1053.5
17L0.3
1b71.h
1177.5
14634
3131.2
5267 .4
2637.5
2500.6
2812.,9
4531,.2
2590.2
1706.5
2413.5
1540.6
2hol,2
4295.6
2749.7
3355.6
2417.6
2053.6
2300.8
7609.3
3199.9
258k,
2336.9
1368.3
2277.6
1951.7
3177.6
1707.1
3136.9
1815.6
2722,9

B

31.3
31.3
29.2
31.3
31.3
31.3
31.3
29.1
29.1
29.1
29.1
29.2
27.2
29.1
29,1
27.2

29.1-

29.2
29.2
29.2
30.3
30.3
2k.6
30.7
22.8
30.3
2L,6
ak.6
30.3
30.3

30,3

oLk
2h L
24,6
27.h
ok,

30.3
30.1
30.3
30.3
30.3
30.3
30.7
27,4

28.

27.4

Subject S/NT- Cu+s
B 62 58101.0
B 65 52165.7
B 66 18770.8
L 67 38385.8
B 68 47380,6
L 69 L2298,7
L T0 LL233,7
L 71 54540,6
L 5 54814,0
B 76 55628.7
L 17 L5754 .8
L 78 50786.8
L 79 44110.2
B 80 60687.6
L 81 5151k4,8
L 83 50436.9
B 8L 52837.6
B 85 56985.1
1, 86 50132.5
L 87 51880.9
B 88 43260.3
L 90 43882.1
B 91 51663.1
L 92 443964
L . 93 48416.,0
B 95 51452.7
B 96 62081.8
L 97 43367.4
L 98 h9112,2
L 100 55330.9
L 101 56978.8
B 102 52147, 4
L 103 LL866 .k
B 104 67493,1
B 105 h772Lk.9
B 106 52941.,1
B 108 53281, 7
B 109 571564
B 111 5545L4.1
L 112 42353.6
B 113 57134.9
B 11k k9768.,6
L 116 Logak 7
B 117 57168.0
B 118 L9686,k

C
-

21kk,0
2155,8
1911.6
2541,5
3056.2
2166.9
2226,2
108L6.,5
shh2,6
2131.0
3258,3
2629.,0
2621.3
2h05.7
2290.7
3LsT.7
2L76.,0
2396.7
2302.0
13565.,2
2109.2
2001.5
1418,0
2311.1
2517.2
2481.,1
2596.6
1978.0
2238.0
2532.6
4968.5
1582.8
3361.9
9837.5
2018.8
1993.4
2082,1
1874,k
2857. 4
1931.,0
1970.7
1939.3
3715.8
3911.6
3069.7

| od

30.3
30.1
30.1
2T. 4
30.1
30,1
27.4
30.7
27.h
30.7
28,4
30.3
27.4
30.3
30.1
28.4
30.0
30.3
30.7
28,

30.3
30.0
30.0
7.4
30.3
28.8
30¢7
2k .6
27.2
30.7
30.7
28.8
28.8
27.2
30.7
28.8
30.7
30.7
30.7
28.8
2L}
28,8
27.2
27.2
27.2



TABLE LXII

(p) F.B.
* +

S/NT~ G.E. T, Vol.(T) Vol.(M)
11 OL:5h 363.5 hh1.,9

102 1k4:00 519.2 598,
95 21:33 318.7 371.3
61 32:24 258.0 172.9
88 L8:21 315.9 86.9
68 56:25 233.8 65.9
76 68:25 406.5 480,1
105 TT:45 366.9 122.7
9 89:06 225.7 325.5
15 gl:kLo 38L4,8 343,2
108 99:24 398.3 380,1
12 102:1h 311.3 357.1
109 112:10 478,55  —eeee
17 117:k45 688,14 k2,0
33 123:14 539.6 51.1

? 128:07 ? ?
60 136:00 Lok, k4 308.3
2 143:39 369.6 31,7
13 1k9:13 386.5 352,1
55 159:46 5Lh2.5 82,7
66 165:30 397.5 k26,6
106 170:00 413.9 276.7
08 173:k2 316.9 318,14
oh 185:00 30L.9 293.5
oh 192:51 276.1 333.h
65 195:12 375.h4 389.6
85 207:L0 368.1 k26,3
1k 212:31 31k4.0 26,6
117 215:13 218.8 285.5
10k 220:31 37.5 215.8
62 223:50 oo, 5 229,1
96 233:2L 370.,0 11k.7
51 237:35 686.8 675.4
5 237:k49 302,7 198.1
29 240:hs 349.3 189,2
32 247:58 339.0 395.8
111 257:00 296.,9 275.5
91 267:11 577.6 450,8
113 268:L0 h52,3 153.h4
16 282:52 534,11 601.3
80 286:32 391.6 398.5
18 290:40 338.6 261.0
1 297:48 227.0  —meee
11k 308:17 399,5 289.1
10 311:30 353.8 95.2
84 315:25 328.6 cmmeen
118 322:50 24L,5 e
52 326:32 1022 T (—

¥ — Volume

+ ~ Volume

Inflight Urine Volumes

calculated from tritiated water dilution (Table LXI).

calculated from on-board flow meter.

(B) J.L.

S/N7~ G.E.T. Vol.(T) Vol,(M)
L5 0k:38 90,7 = e
18 11:50 110 7 s H——
31 21:33 377.1 368.,6
7 32:25 198.3 172.9
L7 46:00 218.8 = cmeee
71 48:20 121.8 43,7

? 52:06 J— 192.1
? 56120 e 217.3

o9 68:50 e 29.9
22 T7: 46 109.8 34k, 7
87 80:L1 2,7 e——

103 89:00 187.5 243,0
Lo 9h:ho 280.7 493.7
92 102:13 27T7.7 371.0
25 118:00 235.4 326.6

112 121:08 320.2 377.5
67 127:30 21k.8 e
Iy 140:10 346.7 428,3
26 146:37 218.6 203.7
56 159:02 205. k4 223,8
78 165,51 279.2 356,2
79 171:h7 241.,0 289,k
53 185:1° 313.8 391.7
90 192:50 320.1 276, 4
69 197:28 283.0 290,0
97 209:09 319.3 277.6
70 215:25 287.9 283,2
21 220:33 193.2 319.2
36 231:52 267.2 189.5
93 237:35 378.1 275.5

- 98 24k 00 326.3 253.0
37 254:21 205.3 227.6
86 266:20 317e3 e

100 272:10 318.0 110.6
39 282139 300.7 298.6
81 286:00 328.1 121.8
54 290: L) 219.8 143,1

101 302:19 158.7 261.0
ko 308:21 317.9 230.9
75 313:50 137.h 18,2

116 317:35 188.8 e
83 322:50 206,k e
35 326: 4k 168.,0 S
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Figure 8A
; Urinary Calcium
32F (Gm./24 hr)
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Figure 8B

Urinary Calcium
(Gm./24 hr.)
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Figure 9B
Urinary Magnesium
(Gm./24 hr.)
J.L.
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Figure 10A

Urinary Phosphate

(Gm./24hr.)
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Figure 10B
Urinary Phosphate
(Gm./ 24 hr.)
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Figure 11A
Urinary Sulfate

(Gm./ 24 hr.)
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Figure 11B
Urinary Sulfate
(Gm. /724 hr.)
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Fig 13A
Urinary Sodium
(Megq. /24 hr.)
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“Urinary Sodium
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Figure 1hA
Urinary Potassium

(Megq. /24 hr.)
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Figure 14B
200- Urinary Potassium
(Meq./24 hr)
J. L.
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| 240 B Figure 15A
Urinary Chloride

(Meq./ 24 hr.)
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Figure 15B
Urinary Chloride
(Megq./ 24 hr.)
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